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Abstract 
Desertification deteriorates soil fertility through reducing soil organic matter of 
the topsoil. Plant litter is important in maintaining soil organic carbon levels in 
degraded soils as well as for nutrient cycling especially in the semi-arid tropics. 
However, performance of such litter in the soil, necessitates information on 
pattern of decomposition and nutrient release. Therefore, a field experiment (for 
16 weeks) was carried in western Omdurman, with a soil vulnerable to wind 
erosion, to monitor decomposition and nutrient release from residues of 
Mesquite (Prosopis spp), Mahogany (Khaya senegalensis) and Neem 
(Azadirachta indica). Fresh leaves litters were placed inside litterbags and 
buried into the top 25cm depth of an Aridisol subjected to wind erosion. 
Samples were drawn at intervals of 1, 2, 4, 6, 8, 10, 12, 14, and 16 weeks and 
were analyzed to determine remaining dry matter weight, N, P, K, Ca, Mg, and 
C.  
Results showed that, Neem decomposed significantly faster than both Mesquite 
and Mahogany with rate constant (k) of 0.44 week-1 (Neem) and 0.12 week-1 for 
both Mesquite and Mahogany. Also, results showed that C/N ratio is not a good 
quality indicator in decomposition. However, content of lignin and cellulose 
were best indicators, especially for Neem residues. All litters were found to be 
good sources of K, especially in sandy soils which low in K, as 80% of the 
initial content of this mineral was released in the first 2 weeks.  
The pattern of nutrient release gave reliable guides for synchronizing these 
nutrients with demand of the subsequent crops. This study suggests that, 
Mesquite and Neem constituted readily available source of N, and they could be 
suitable for short-term nutrient correction. However, incorporation of residues 
from Mahogany caused N immobilization. With the slow decay of the latter 
litter, it is worthy to be used for organic matter build up in arid soils.                                     
     
 
 ﻣﻠﺨﺺ اﻟﺒﺤﺚ
ﻻ أن أهﻤﻴѧﺔ ﺇﻻ ﺷﻚ ﻓﻰ أن اﻟﺘﺼﺤﺮ ﻳﺪهﻮر ﺧﺼﻮﺑﺔ اﻟﺘﺮﺑﺔ ﻣﻦ ﺧﻼل ﺧﻔﺾ اﻟﻤﺎدة اﻟﻌﻀﻮﻳﺔ ﻟѧﺴﻄﺢ اﻟﺘﺮﺑѧﺔ 
ﻣﺨﻠﻔѧѧﺎت اﻟﻨﺒѧѧﺎت ﺗﺘﻤﺜѧѧﻞ ﻓѧѧﻰ اﻟﺤѧѧﺼﻮل ﻋﻠѧѧﻰ ﻣѧѧﺴﺘﻮﻳﺎت اﻟﻜﺮﺑѧѧﻮن اﻟﻌѧѧﻀﻮى ﻓѧѧﻰ اﻟﺘѧѧﺮب اﻟﻤﺘѧѧﺪهﻮرة وأﻳѧѧﻀﺎ 
 اﻟﻨﺒﺎﺗﺎت ﻓѧﻰ اﻟﺘﺮﺑѧﺔ ﺟﺮاء ﺗﺤﻠﻞ ﻣﺨﻠﻔﺎتﺇ.اﻟﺤﺼﻮل ﻋﻠﻰ اﻟﻌﻨﺎﺻﺮ اﻟﻐﺬاﺋﻴﺔ ﺧﺎﺻﺔ ﻓﻰ اﻟﻤﺪارات ﺷﺒﺔ اﻟﺠﺎﻓﺔ 
  .ﻳﺘﻄﻠﺐ ﻣﻌﺮﻓﺔ ﻧﻤﻂ اﻟﺘﺤﻠﻞ و ﺗﺤﺮر اﻟﻌﻨﺎﺻﺮ اﻟﻐﺬاﺋﻴﺔ
 إﺳﺒﻮع ﻓﻰ ﻏﺮب أم درﻣﺎن ﺣﻴﺚ ﺗﺘﻤﻴﺰ ﺗѧﺮب ﺗﻠѧﻚ اﻟﻤﻨﻄﻘѧﺔ ﺑﺘﻌﺮﺿѧﻬﺎ 61أﺟﺮﻳﺖ هﺬة اﻟﺘﺠﺮﺑﺔ اﻟﺤﻘﻠﻴﺔ وﻟﻤﺪة 
ﻟﻠﺘﻌﺮﻳѧѧﺔ اﻟﺮﻳﺤﻴѧѧﺔ، وذﻟѧѧﻚ ﻷﺟѧѧﻞ إﺧﺘﺒѧѧﺎر اﻟﺘﺤﻠѧѧﻞ وﺗﺤѧѧﺮر اﻟﻌﻨﺎﺻѧѧﺮ اﻟﻐﺬاﺋﻴѧѧﺔ ﻣѧѧﻦ ﻣﺨﻠﻔѧѧﺎت أﺷѧѧﺠﺎر اﻟﻤѧѧﺴﻜﻴﺖ، 
ت ﻋﺸﺮون ﺟﺮام ﻣﻦ أوراق اﻟﻨﺒﺎﺗѧﺎت اﻟﺨѧﻀﺮاء ووﺿѧﻌﺖ داﺧѧﻞ أآﻴѧﺎس ﻣѧﻦ اﻟﻨѧﺎﻳﻠﻮن ﺬأﺧ . و اﻟﻨﻴﻢ اﻟﻤﻬﻮﻗﻨﻰ
، 4، 2، 1)ﺳѧﺤﺒﺖ اﻟﻌﻴﻨѧﺎت آѧﻞ   .ﺳﻢ52ودﻓﻨﺖ اﻷآﻴﺎس ﻓﻰ ﺗﺮﺑﺔ ﺟﺎﻓﺔ ﺗﻌﺮﺿﺖ ﻟﺘﻌﺮﻳﺔ رﻳﺤﻴﺔ وﻋﻠﻰ ﻋﻤﻖ 
 إﺳѧѧﺒﻮع، ﺛѧѧﻢ ﺣﻠﻠѧѧﺖ اﻟﻌﻴﻨѧѧﺎت ﻟﺘﺤﺪﻳѧѧﺪ اﻟﻤﺘﺒﻘѧѧﻰ ﻣѧѧﻦ اﻟѧѧﻮزن اﻟﺠѧѧﺎف، اﻟﻨﻴﺘѧѧﺮوﺟﻴﻦ، ( 61، 41، 21، 01، 8، 6
  .اﻟﻔﺴﻔﻮر، اﻟﺒﻮﺗﺎﺳﻴﻮم، اﻟﻜﺎﻟﺴﻴﻮم، اﻟﻤﺎﻏﻨﻴﺰﻳﻮم واﻟﻜﺮﺑﻮن
ﺳﺒﻮع أﺳﺮع ﻣﻦ اﻷﺛﻨѧﻴﻦ اﻟﻤѧﺴﻜﻴﺖ واﻟﻤﻬѧﻮﻗﻨﻰ وآѧﺎن إﻟﻜﻞ ( 44.0) أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ ﺗﺤﻠﻞ ﺳﺮﻳﻊ ﻟﻠﻨﻴﻢ ﺑﻤﻌﺪل 
ﻟѧﻰ اﻟﻨﻴﺘѧﺮوﺟﻴﻦ ﻟﻴѧﺴﺖ ﻣﺆﺷѧﺮا ﺇن ﻧѧﺴﺒﺔ اﻟﻜﺮﺑѧﻮن ﺇآﻤﺎ أﻇﻬѧﺮت أﻳѧﻀﺎ . ﺳﺒﻮعإﻟﻜﻞ ( 21.0)ﻣﻌﺪل ﺗﺤﻠﻠﻬﻤﺎ 
ﻧﻤﺎ ﻣﺤﺘﻮى ﻣﺎدﺗﻰ اﻟﻠﺠﻨѧﻴﻦ و اﻟѧﺴﻴﻠﻮﻟﻮز أﻇﻬﺮﺗѧﺎ ﻣﺆﺷѧﺮا ﺇ, ﻟﻤﺨﻠﻔﺎت ﻣﻦ ﺣﻴﺚ اﻟﺘﺤﻠﻞ ﺟﻴﺪا ﻓﻰ ﺗﺤﺪﻳﺪ ﺟﻮدة ا 
  .ﺟﻴﺪا ﻟﻠﺘﺤﻠﻞ اﻟﺴﺮﻳﻊ ﻟﻠﻤﺎدة اﻟﻌﻀﻮﻳﺔ آﻤﺎ ﻓﻰ ﻣﺨﻠﻔﺎت اﻟﻨﻴﻢ
آѧѧﻞ ﻣﺨﻠﻔѧѧﺎت أﺷѧѧﺠﺎر اﻟﻤﻬѧѧﻮﻗﻨﻰ و اﻟﻤѧѧﺴﻜﻴﺖ و اﻟﻨѧѧﻴﻢ ﺗﻌﺘﺒѧѧﺮ ﻣѧѧﺼﺎدر ﺟﻴѧѧﺪة ﻟﻌﻨѧѧﺼﺮ اﻟﺒﻮﺗﺎﺳѧѧﻴﻮم ﺧﺎﺻѧѧﺔ ﻓѧѧﻰ 
ﺚ ﺗﺤѧﺮر ﻓѧﻰ اﻻﺳѧﺒﻮﻋﻴﻦ اﻻواﺋѧﻞ ﻣѧﻦ ﻣѧﺪة اﻟﺘﺤﻠѧﻞ أآﺜѧﺮ ﻣѧﻦ ﺣﻴѧ . اﻻراﺿﻰ اﻟﺮﻣﻠﻴﺔ اﻟﺘﻰ ﺗﻔﺘﻘѧﺮ ﻟﻬѧﺬا اﻟﻌﻨѧﺼﺮ 
  .ﻣﻦ اﻟﻤﺤﺘﻮى اﻷوﻟﻰ ﻟﻬﺬا اﻟﻌﻨﺼﺮ%( 08)
وﺗﻌﺘﺒѧﺮا , اﻟﺪراﺳﺔ ﺗﻘﺘﺮح أن ﺑﻘﺎﻳﺎ أوراق ﺷﺠﺮﺗﻰ اﻟﻤﺴﻜﻴﺖ واﻟﻨѧﻴﻢ ﺗﻤѧﺜﻼن ﻣѧﺼﺪرا ﻣﻮﻓѧﻮرا ﻟﻠﻨﻴﺘѧﺮوﺟﻴﻦ   هﺬة
ﻟﻴﻬﻤѧﺎ إﻔѧﺎت اﻟﻤﻬѧﻮﻗﻨﻰ ﺿѧﺎﻓﺔ ﻣﺨﻠ إﻻ أﻧѧﺔ ﻋﻨѧﺪ إﺳﺘѧﺼﻼح اﻟﻘѧﺼﻴﺮ اﻟﻤѧﺪى ﺿѧﺎﻓﺔ ﻣﺨﻠﻔﺎﺗﻴﻬﻤѧﺎ ﻟﻺ إﻣﻨﺎﺳﺒﺘﺎن ﻋﻨѧﺪ 
 ﻓѧﻰ اﻟﺘѧﺮب  ﺧﺎﺻѧﺔ ﻳﺘﺴﺒﺐ ﻓﻰ ﺗﺜﺒﻴﻂ اﻟﻨﻴﺘﺮوﺟﻴﻦ ﻧﺴﺒﺔ ﻟﺘﺤﻠﻠﺔ اﻟﺒﻄﻴﺊ اﻟﺬى ﻳѧﺴﺎﻋﺪ ﻋﻠѧﻰ ﺑﻨѧﺎء اﻟﻤѧﺎدة اﻟﻌѧﻀﻮﻳﺔ 
 . اﻟﺠﺎﻓﺔ
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 Chapter One 
Introduction: 
Sudan is one of the sub-Saharan countries of the arid tropics and it lies 
within the zone where risks of desertification are high and seriously 
affected by desert encroachment. The area threatened by desertification 
hazards in the Sudan generally lies between latitudes 10о and 18о N 
(Salih, 1996).  
Desertification is defined as "land degradation in arid, semi-arid and dry 
sub-humid areas, resulting from ferrous factors including climatic 
variations and human activities" (UNCCD, 1994). From this definition, 
land means (soil, vegetation, local water), degradation means (loss of 
biological productivity to the land), climatic variations include; 
seasonality, variability and unreliability of rain fall as well as water 
deficit, temperature, wind, etc, human activities include; socio-economic 
factors such as, over-grazing, over cultivation, fires, trees cutting, etc. All 
these factors combined together lead to vulnerability of this area to 
desertification hazards particularly in the arid and semi-arid zones.  
The most important consequences of desertification is nutrient depletion 
aggravated by absence of using crop residues recycling as they are used 
as home hold fuels and animal feeds, decline fallow period and burning 
of organic matter. Trees used in agroforestry system are mainly 
leguminous because of their ability to fix nitrogen especially in the arid 
and semi-arid regions where fertilizer use is not economically feasible. 
 Recycling of residues from these trees needs information on pattern of 
decomposition and nutrient release in the soil.  
Thus decomposition of plants litter in the topsoil could provide guide-
lines for mitigating the adverse impact of desertification such as soil 
erosion, nutrients depletion and increasing the crops efficiency of using 
mulch-N and improving or sustaining soil fertility in the dry eco-system, 
but the supply of other nutrients to soil is also important. Litter 
decomposition is a process controlled by residue quality (Goh and Tutua, 
2004; Mendonca and Stott, 2003; Vanlauwe et al., 1997) and climatic 
factors of which  rainfall and temperature regimes are important 
(Meentemeyer, 1995; Mugendi and Nair, 1997).There have been many 
studies focused on litter decomposition and their chemical changes 
(e.g.Crockford and Richardson, 2002), or chemical composition such as 
C, N, P, lignin, and poly phenolic contents, along with their interrelations 
(Sinsabaugh and Moorhead 1994; Vanlauwe et al. 1997). Accordingly, 
residues with high decomposition and N-mineralization rates are usually 
considered to be of high quality. However, if the main aim of an agro 
forestry system is to keep the soil surface covered for erosion control, the 
concept of low quality residues should be considered. In the dry tropics, 
accumulation of soil organic matter (SOM) depends mainly on inputs and 
decomposition of organic materials.  
Accumulation of SOM in the tropics is believed to be a slow process due 
to rapid decomposition. Management practices for long-term and short-
term correction of soil fertility is different and data on litter fall 
 decomposition and nutrient release in the semi-arid tropics of Sudan is 
limited to one study (Ahlam, 2004). Therefore, the main objective of this 
study was to monitor decomposition and nutrient release of residues from 
Mesquite (Prosopis spp), Mahogany (Khaya senegalensis) and Neem 
(Azadirachta indica) in a highly eroded soil of western Omdurman. 
Specific objectives include: 
• Determination of decomposition (weight loss) rate constants of the 
three tree types. 
• Monitoring release of N, P, K, Ca, and Mg in the decomposing 
materials.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 Chapter Two 
Literature Review 
2.1 Decomposition of plant materials:  
Nutrients in organic form are unavailable to plant and they have to 
undergo decomposition, a process where by organic nutrients are 
converted into a mineral form made available to plants. Usually, organic 
matter accumulates in the soil surface and tends to decrease with depth. 
Accordingly, decomposition in the field was found to be intensive in the 
top soil and decrease in the depth (Manjaiah et al., 2000). For example, 
Purnomo et al. (2000b) and Young et al. (1995) studied the stratification 
of soil organic matter (SOM) mineralization in an Australian wheat field. 
They found that, over the growing season, 32% of the total N mineralized 
in the top 20cm of soil originated from the 0-2cm layer, 74% was from 0-
60, and only 12% was from soil below 20cm.  
Previous studies showed that there is a direct relationship between 
decomposition rate and initial N or lignin and soluble poly-phenols in 
some leguminous litters in this context, high initial N, low C/N, low 
(lignin+poly-phenol)/N generally favor high rates of decomposition of 
fresh leguminous leaves (Vallis and Jones,1973; Fox et al.,1990; Palm 
and Sanchez,1991; Oglesby and Fownes,1992; Constantinides and 
Fownes,1994).These bio-chemical characteristics have been observed to 
vary at several stages of the plant growth and rate of decomposition 
depends on other factors such as the age of the plant (Kachaka et 
al.,1993), growth conditions (Cotrufo et al.,1994), and the plant part 
 composition (Xu et al.,1993).Thus, both plant residues and the nature of 
the decomposers influence the process to considerable extents (Tian et 
al.,1992a,b). Nutrient release by organic inputs is expected to differ in 
extent and pattern. It was observed also by Cadisch and Giller (1997) that 
the rates of decomposition and N release of plant residues are largely 
influenced by their bio-chemical composition or quality. Slash residues, 
consisting of leaf, bark, twigs, branch and stem material, generally 
considered as large stores of nutrients (Smethurst and Nambiar, 1990).  
This is due to both the large amounts of residues produced and the fact 
that slash materials generally contain higher concentrations of nutrients 
than normal senesced litter (O′Connell 1997; Staaf and Berg 1981). 
2.2 Factors affecting decomposition: 
To understand the processes which involved in crop residue 
decomposition and nutrient release (mainly N) needed to develop 
efficient soil fertility management practices, it is important to know the 
factors that govern processes of decomposition. These processes may be 
influenced by many factors, such as temperature, moisture, and type of 
residue, compositions and placement (Jenkinson, 1981; Palm and 
Sanchez, 1991; Porter et al., 1997). 
2.2.1 Chemical composition: 
The rates of decomposition and mineralization of plant materials depend 
to a large extent on the chemical composition of the plant tissues (Swift 
et al., 1979). Additionally, rates at which the decomposing legume 
 residues release N has been linked to their structural and chemical 
characteristics or residue quality (Palm et al, 2001).  
2.2.1.1 N-content and C/ N ratio: 
Earlier studies showed that, low rates of decomposition of plant materials 
with narrow C/N ratio has been attributed to factors such as poly-phenols 
(Vallis and Jones, 1973). It was also stated that, C/N ratio is an important 
ecological index in decomposition of organic materials (Frankenberger 
and Abdelmagid.1985; Iritani and Arnold.1960; Duchaufour; 1984). In 
this context, the lower C/N ratio, the easier decomposition of O.M would 
take place and vise versa. In decomposition of OM generally there are 
three levels of C/N ratio, the first one with high C/N ratio (>35) and low 
N contents where N mineralization process is reduced. The second one is 
medium C/N ratio (20) where mineralization and humification can take 
place at similar rates, and the last one, low C/N ratio (<10) and with high 
N content where these is rapid mineralization and releases of N 
(Duchaufour.1984).There were numerous studies showed that net N 
mineralization from different organic materials was correlated with N-
concentration. For example, net N mineralization from iupin parts with 
similar C content best correlated with N-content (Russell and Fillery, 
1999). Seneviratne (2000) stated that through decomposition studies of 
tropical litter from agroforestry that, the litter with limited N 
concentration i.e. <1%, N release is controlled by initial N concentration.  
 
 
 2.2.1.2 Lignin and poly-phenols: 
Lignin is a recalcitrant compound and it′s relative concentration in 
residues was reported to increase in the initial stages and decline as 
decomposition proceeds (Berg and Tamm, 1991; McClaugherty and 
Berg, 1987). Based on Fox et al., (1990) and Palm and Sanchez (1991), 
plant materials which contain high concentration of lignin or poly-
phenols show little immediate net mineralization of plant N. During 
decomposition of residues, soluble sugars were reported to be lost 
rapidly, followed by the poly-saccharides, cellulose and hemi-cellulose, 
and finally lignin (Swift et al., 1979; Berg et al., 1982).    
2.2.2 Environmental factors: 
Environmental factors are one of the major determination of the activity 
of the decomposer community as they directly affect rate of metabolism 
(Parr and Papendick.1978; Tanaka.1986). It was observed that in the 
warm, humid tropics, legumes may be incorporated a few days prior to 
planting the succeeding crop (Ranells and Wager, 1992; Wilson and 
Hargrove, 1986) while in drier or cooler areas this may occur as late as 
eight to nine months prior to planting (Hesterman et al., 1987; Janzen et 
al., 1990). 
2.2.2.1 Temperature:  
It is evident that N-mineralization from slowly decomposable (k =3.38, 
%N =3.4) plant residues are enhanced by a rise in temperature than N-
mineralization from highly decomposable materials (k = 5.36, %N = 1.9) 
DeNeve et al. (1996). This indicates that, there is a strong interaction 
 between temperature and resistance to degradation. In regions with 
annual mean temperature of 5°C found that increase in temperature of 
1°C could ultimately lead to a loss of over 10 % of soil organic carbon, 
but in the regions with annual mean temperature of 30°C, the same 
increase in temperature lead to a loss of only 3 % of soil organic carbon. 
This showed that, the sensitivity of organic matter decomposition 
increases with temperature in temperate regions (Kirschbaum, 1995). 
Similarly, observations by Homann and Grigal (1996) revealed that 
decomposition of below ground organic materials increased with 
temperature on cool forest slopes than in warm fields. 
2.2.2.2 Moisture: 
Linn and Doran (1984) stated that, moisture content is an important 
factor in controlling decomposition. In their study they found that, the 
optimum moisture content of the soil for microorganism's activity was 
60% water field capacity. In most soils, net N mineralization was linearly 
related to moisture content in the range between -0.03 to 4.0 M Pa. It was 
found that optimum moisture content for net N mineralization 
corresponded to a soil pore water potential between (0.01 and 0.3 M Pa), 
while that at which no net N mineralization occurred was close to 4.0 M 
Pa. Although moisture content is an important factor in controlling 
decomposition, previous studies showed that K was the only nutrient 
affected by water regime and seemed to increase as water increase due to 
leaching, because it is not associated with the structural components of 
the plant cell (Marschner, 1995). Parsons et al. (1990) observed a much 
higher mass loss (14 %) in the first two weeks of decomposition and they 
 attributed the large amount of mass loss to high precipitation (> 60 mm), 
which removed most of the water-soluble material from the leaves during 
the study period, at the end of the 5-month period, they found that a mass 
loss of 35 % compared with the first two weeks. Other study by Huang 
and Schoenau (1997) and Parsons et al. (1990) stated that; the initial litter 
decomposition rates can be highly variable since they were strongly 
affected by precipitation and moisture. 
2.2.3 Soil conditions: 
Although characteristics of the decomposing organic materials are 
important in the decomposition and release of nutrients, the 
characteristics of the soil are also very important. Such as, soil texture 
and structure ( Ladd et al.,1993; Lutzow et al., 2002; Seneviratne et al., 
1999 ) , soil N content ( Trinsoutrot et al., 2000 ), pH ( e.g. Saggar et al., 
1999 ) , cation exchange capacity ( Amato and Ladd,1992 ) , sodicity 
(Nelson et al.,1996 ) , clay content ( e.g.Van Veen et al., 1995 ) , specific 
surface area of the clay, and the nature of the clay mineral ( Saggar et al., 
1996 ) , and initial soil fertility. 
2.2.3.1 Soil texture: 
The effects of soil texture in decomposition of organic matter 
incorporated into the soil seemed to be inconsistent. Skjemstad et al. 
(1993) stated that, fine soil particles and organic material interact in soil 
to form complexes and micro aggregates that render organic substances 
less susceptible to biodegradation. However, the experiment carried out 
by Pare and Gregorich  (1999 ) comparing between different soils texture 
 showed that after 60 weeks, proportion of alfalfa-N ( C/N = 13 ) 
mineralized in the sandy soil was higher ( 41% ) than clay or loam. In 
contrast, maize (C/N = 18) and soybean (C/N = 26) residues-N was 
mineralized more in the clay or loam soils, 12 and 15 % respectively. 
They concluded that, the higher mineralization in the fine texture soil 
was due to their high organic N contents and the presence of clay 
materials that probably favor mineralization because of their large 
surface area.  
2.2.3.2 Soil pH:     
It was found that low pH decreases microbial activities and 
decomposition of OM (Motavalli et al., 1995). Therefore, the release of 
nitrogen from decomposing plants is influenced by soil pH. It is  evident 
that the activity of cellulose degrading enzymes in most terrestrial fungi 
lies between soil pH 4 and soil pH 7 (averaged 5.5), whereas those of 
their hemi cellulose-degrading enzymes ranged from 3-5 to 5.0 
(averaged, 4.3 ) Wood and Kellogg ( 1988 ). 
2.2.3.3 Soil fauna: 
Generally, decomposition is thought to proceed through an initial rapid 
leaching phase followed by a slow stage in which soil fauna activity 
becomes predominant. For plant materials, decay occurs through initial 
fragmentation by soil macro fauna (earth worm, millipedes, termites, etc) 
with further transformations being accomplished by microbial activity 
via enzyme production (Anderson et al., 1983; Stevenson, 1986; Tian et 
al., 1995). Each stage basically involves the partial conversion of C to 
 CO2 and the synthesis of microbial tissue (Stevenson, 1986). For 
instance, simple sugars, amino acid, most proteins and cellulose 
decompose rapidly (mainly by bacterial action), whilst lignin's and 
microbial melanin's decay slowly, mostly through the action of 
actinomycetes and fungi (Janssen, 1984., Stevenson, 1986; Mary et al., 
1996). 
2.2.3.4 Soil nutrients:    
According to Smethurst and Nambiar (1990) slash residues, consisting of 
leaf, bark, twigs, stem, and branch material, generally contain large stores 
of nutrients.These nutrients were released either by physical leaching or 
by chemical fragmentation of organic components by soil organisms. It 
was found that leaching accelerated release of P to meet the needs of 
decomposer organisms during decomposition (Kwabiah and Voroney 
1999). 
Based on O′Connell (1997) and Staaf and Berg (1981), that slash 
materials contain higher concentrations of nutrients than normal senesced 
materials. The burning of harvest residues is one practice often favoured 
by forest managers, as this allows easy access to the site for replanting, 
fertilizer application and weed control (O′Connell et al., 2000). However, 
this can result in significant losses of some nutrients, especially N 
(Raison et al., 1993). If slash is retained, the decomposition of this 
nutrient – rich material will help to maintain site nutrient capital and will 
contribute to nutrient supply for the next crop. At the same time, 
decomposing residues can also act as important sites for immobilization 
of some nutrients, like N (Carlyle et al., 1998). Thus, retention of 
 residues may act as a buffer against nutrient losses by reducing leaching 
during the early stages of plantation development when root systems 
have limited spatial coverage and are unable to utilize all available 
nutrients. 
2.2.4 Mineralization and Immobilization during Decomposition: 
Decaying plant material, humus and /or organic matter in the soil is an 
important source of N. The types and quantity of plant residues or 
organic matter in the soil can affect the types of N conversion processes 
that take place. For example, the presence of a high amount of wheat 
straw or corn stalks in the soil will result in immobilization of soil 
mineral N. Immobilization results in plant usable forms of N in the soil 
becoming unavailable for subsequent crop growth; microorganisms in the 
decomposition process use this nitrogen. Once the straw becomes highly 
decayed, immobilization stops and mineralization starts. Plant usable 
forms of N such as an ammonium become available again (Mubarak 
2001). It was observed that in early decomposition of crop residues of 
high C/N ratio net immobilization of soil N often takes place as more N 
is needed by the developing microorganism that is provided by the 
substrate (Mary and Recous, 1994). It was found that soil mineral N was 
immobilized (42-63 mg N kg  -1 soil ) during 60 days of incubation of 
barley straw (C/N =86) due to higher microbial activity associated with 
initial decomposition with residues with wide C/N ratio (Per Ambus and 
Jensen 1997). During 224 days of incubation Corbeels et al. (1999) 
showed that soil inorganic N was completely immobilized after 
 incorporation of wheat (C/N =67) and sunflower stalks (C/N =36) even if 
additional N fertilizer was added.      
2.3 Effect of plant residue on soil: 
Generally, the contribution of plant residues to the soil believed to be 
more enhanced by the characteristics of soil, e.g. the presence of crop 
residue on the top soil lead to reduce evaporation and accumulation of 
salts, this may keep the soil firm against degradation processes such as 
nutrients depletion. 
Other advantages of surface application of different plant residues such 
as mulching reduced soil erosion and nutrient loss through run-off, 
improved soil ecology and weed suppression (Erenstein, 2002).  Also, 
the plant residues may play an important role in maintaining soil 
productivity by providing a source of nutrients and inputs to organic 
matter when organic substrates enter the soil (Allison, 1973).They are 
known to affect soil physical properties (Hulugalle et al., 1986; Blair et 
al., 1997), such as soil structure, availability of soil nutrients (Wade and 
Sanchez 1983), and soil faunal populations (Tian et al., 1992; Rao 1995). 
Management of the residues added during harvesting is one option for 
manipulating site fertility in short–rotation plantations. For example, 
Rovira, (1992) suggested that site productivity declines markedly within                         
a period of a few years when N inputs from legumes or fertilizers ceases 
or become less frequent. More-over, frequent harvesting of short-rotation 
(10 years) forest plantations involves high rate of removal of nutrients 
from the site. Knowledge of mineralization dynamics of harvest residues 
 and their effect on N cycling is crucial in assessing the impact of harvest 
residue management on site productivity. Also, the introduction of 
legumes as inter-row cover crops holds promise for maintaining or 
improving soil fertility. The plantations are mostly established on former 
agricultural land, where high productivity is partly due to enhanced soil 
fertility resulting from past fertilizer application and pasture management 
practices (O′Connell et al., 2000). However, sustaining the productivity 
of subsequent rotations will depend in part on site fertility maintained 
under current management practices. 
2.4 Effect of decomposed plant residue on crop: 
Plants required more nutrients to take for growth and yield. These 
nutrients may be released from decomposing residues or animals remains 
on the soil. The role of trees for soil mulch and livestock feed has been 
reviewed by Kang et al., (1990) and Haque et al., (1995). For instance, 
understanding the dynamics of P availability in soils amended with 
organic materials could be important in the overall impact assessment on 
productivity. Found that Ca and Mg are important in improving the base-
saturation of acid soils.  
The efficiency of nutrient transfer from organic inputs to crops could be 
improved by varying the quality or the time of the application of organic 
inputs (Swift, 1985). In this context, N derived from legume or harvest 
residues depends largely on the synchrony between N release from these 
residues and N demand for uptake by trees. Palm (1995) pointed out that 
agro-forestry species with high N, lignin, and poly phenolic contents may 
 provide nutrient release patterns that more closely match the demands of 
crops for nutrients, especially N. 
Myers et al., (1994) stated that, crop residues promote a greater nutrient 
cycling and improve the synchrony of nutrient release with crop demand. 
It was found that in ally cropping system, leucaena mulch and cattle 
manure agro forestry, may be a considerable source of N and K for crop 
growth (Lupwayi and Haque 1999).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Chapter Three 
Materials and Methods 
 3.1 Site description:                                                                                    
This experiment was carried out at Azaheer Farm located 35 km western 
Omdurman city at latitude (15º 37' 13.6" N) and longitude (32º 13' 51.5" 
E).  This farm was selected based on the fact that it is location typifies 
desert features.    
The area was estimated to be 80 feddan of which only 40 feddan is under 
cultivation. The farm is surrounded by the desert from all directions. The 
area is characterized by lack of rain fall, desert encroachment, high wind 
erosion, low relative humidity, high temperature especially in the 
summer and low temperature at early morning hours in the winter. 
Normally at this climate the potential evapotranspiration exceeds the 
precipitation through out the year. At the start of the project, the soil of 
the site was classified as order: Aridisols, hyperthermic, sandy clay loam, 
mixed, gypsic cambi orthi (National Centre Research, 1994). However, 
some chemical and physical properties of the top soil are given in Table 
3.1. 
 
 
 
 
 
 
 Table 3.1: Soil properties of the experimental site 
Soil properties  Description 
pH 7.71 
TN (%) 0.056 
OM (%) 1.0 
ECe (d Sm-1) 2 
MC (%) 1.3 
SP (%) 38 
CEC (meq/100gm) 14 
Sand (%) 46 
Silt (%) 19 
Clay (%) 35 
Texture Sandy clay-loam 
 
TN = Total Nitrogen  
OM = Organic Matter 
ECe = Electrical Conductivity extract 
MC = Moisture Content 
SP = Saturation Percent 
CEC = Cation Exchangeable Capacity     
 
 
 
 
 
 The irrigation system in this farm is drip irrigation and the area is divided 
into four sectors:  An area for forest plantation and nursery, Poultry 
production, wildlife area, and area for fruit trees. The latter was selected 
to carryout this study.  
The vegetation of the site is composed of natural trees and natural range 
weeds found mainly on the valleys and depressions during the rain fall. 
Some of these were shown in Table 3.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 Table 3.2 Natural range weeds and natural trees in the site: 
The natural trees Local name  The natural range weeds Local name 
Capparis deciduas Tountoub Aristida funiculate El Gaw Um Asabie 
Ziziplus spina-christi Nabak, Sidr Solanum dubium Gubbein 
Balanites aegyptiaca(L) Laloub, Heglig Triabulys terrestries L Dereisa 
Acacia seyal var. seyal Taleh Cymbopogon proximus Nal 
Acacia mellifera Kitr Corchorus tridens Khudra 
Acacia tortilis-sub-sp 
raddiana 
Seyal or - Samr Panicum turgidum  Tamam or Tumam 
Acacia ehrenbergiana Salam (Salgem) Cassia senna Senn Makka 
Acacia nilotica Sunt Cenchrus ciliaris Haskanit 
Maerua crassifolia Sarah  Ipomoea rotschyana Tabr 
Calotropis procera Usher Colcynthis vulgaris Handal 
 
 3.2 Experiment layout:  
To study decomposition and nutrient release during decay of organic 
material, the litter bags method of Anderson and Ingram (1989) was used 
Nylon mesh bags 15cm (wide) and 20cm (length) with a mesh size of 
2mm were used. One side of the bag was left open for organism’s 
activity. The following trees were selected for this study:- 
1- Azadirachta indica (Neem) 
2- Khaya senegalensis (Mahogany) 
3- Prosopis spp (Mesquite)  
From each tree plant, the complete young branch with leaves was 
removed and used in this study. 
About 20 gram fresh plant material (whole plant material without 
grinding) were placed in side the litter bags. A sub sample from each 
type was used to determine moisture content and consequently, the 
content of dry matter added in each bags. Each type of plant residue was 
replicated three times, from this sample, initial characterization was 
determined (Table 3.3).  
Then the bags were put on three beds each basin contain (27 bags) from 
one species buried on it at 25 cm depth (top soil) and arranged in (CRD) 
Completely Randomized Design.    
 Table 3.3 Characterization of the plant material used: 
Plant Type N P K Ca Mg C C/N Lignin Cellulose 
 mg kg-1  % 
Mesquite 50.4 2 26 12 3.6 390 7.7 20.2 22.5 
Mahogany 32.9 2.4 33 14 2 450 13.7 17.4 25 
Neem 46.9 3.6 7.7 9.3 2.8 420 9 16.5 19.9 
 The irrigation was done twice a week to keep the soil surface moist and 
kept all conditions similar. The soil moisture content was determined 
monthly during the decomposition and the average was 11.2 % (16.6 – 
9.4) % and soil temperature was 33.5 ºC (43 - 23) ºC.      
3.3 Sampling: After 1, 2, 4, 6, 8, 10, 12, 14, 16 week three litter bags 
from each basin (i.e. plant type) were drawn, then each bag was placed in 
side a paper envelope with a label (three replication) and transferred to 
the laboratory for analysis. Samples were air dried and cleaned carefully 
from attached soil particles then oven dried at 65 – 70 ºC until constant 
weight. After that the samples were weighed again for determination of 
the loss of dry matter. Samples were then crushed by Grinding-miller 
(0.5 mm) for mesquite and mahogany but the neem was milled by normal 
Mortar. After grinding, samples were placed in small nylon envelopes 
with a label in form of a powder for further analysis.  
 3.4 Chemical analysis:               
(1) Total nitrogen was determined by a semi -macro Kjeldanhl apparatus 
(Bremmer and Mulranzy.1982): after wet digestion of 0.2 gram of sample by 
concentrated H2 SO4 and gentle heating. Then distillated and titrated against 
HCL (0.1N). 
(2) Organic carbon was measured by using the modified Walkley black 
methods. (Walkley and Black.1934): 10 ml of K2 Cr2 O7 (1N) and 20 ml of 
conc.H2 SO4 were added to 0.05 g of the plant sample completed to 100ml 
with distilled water ,after awhile 10ml of conc.H3P2O5 (Orthophosphoric acid) 
and two or three drops of Orthophenatroline were added to 10ml of the pure 
solution. Then titrated up on ferrous sulphate (0.5N). 
(3) The samples were ashed at 150 ºC first, then at 550 ºC and dissolved in 
HCL (5N) to extract the samples and determine K, P, Mg and Ca. K and P 
were reading by flame photometer and spectrophotometer respectively? 
(4) Ca and Mg were determined by titration against EDTA, according to the 
method described by Chapman and Pratt (1961). 
 
 
 
 
 
 
 
3.5 Calculations: 
● Percent remaining dry matter after a sampling period was determined as 
follow: 
Weight of dry matter at week (e.g. week 2) × 100 
Weight of initial dry matter 
 ● Percent remaining nutrient (N, P, K, Ca, Mg): 
 % element at week (e.g. week 2) × DM remaining at week 2 × 100 
  % element of initial material × DM added  
3.6 Statistical analysis: 
Decomposition rate constant (K) was determined following the single 
exponential model of Olson (1963) as follows: 
Wt = W0 e-kt  
Where: 
Wt = remaining weight after time (t) 
W0 = initial dry matter or nutrient pool 
k = decomposition rate constant 
t = time (week)  
Statistical differences between treatments were determined using Statistical 
Analysis System (SAS, 1985) and means were separated using least 
significant difference (LSD).  
 
 
 
 
Chapter Four 
Results and Discussion 
4.1 Dry Matter Weight Loss (DMW): 
Decomposition of the three tree residues was calculated from that 
remaining in the litter bag in each sampling week.                            Figure 
1 shows percent remaining dry matter weight of Mesquite (S), Mahogany 
(M) and Neem (N) during decomposition period.  
 Results showed that, for Mesquite (S) and Neem (N), the decomposition 
pattern could be divided into two phases. The first phase (week 1 to week 
4) shows a rapid loss of DMW while the second phase showed a steady 
loss till the end of the decomposition period. For Mahogany (M), the 
decomposition pattern seemed to be described in one phase.                  
Statistical analysis showed that, there were highly significant differences 
among tree residues in all sampling weeks. In the first week, percent 
DMW remained in Mesquite and Neem was significantly (P≤0.003) lower 
(averaged at 67.8 %) than in Mahogany (78.2%). This indicates that loss of 
soluble materials in the Mesquite and Neem was faster than Mahogany by 
15% to 16%. In the second week, similarly, the percent remaining of initial 
dry matter was also significantly (P≤0.001) lower in Mesquite and Neem 
(averaged at 50.16 %) than that of Mahogany (71.43%), which intern 
indicates that Mesquite and Neem decomposed faster than Mahogany by 
about 39.6% to 45.3%. In the fourth week, (the end of phase 1), percent 
remained DMW in Neem (35.7%) and Mesquite (43.7%) were 
significantly (P≤0.0003) lower than that in Mahogany (67.5%). In this 
week, Mesquite and Neem were statistically similar. In the sixth week, 
DMW remained also was significantly (P≤0.001) lower in Neem (31.2%) 
and Mesquite (39.7%) than in Mahogany (52.4%). Also, statistical analysis 
indicates that DMW remained in Neem was significantly lower than that 
in Mesquite.  
At the end of the 8th   week, statistical analysis showed that percent 
remaining DMW was significantly (P≤0.0002) different among tree types. 
Neem showed that lowest DMW (26.76%) followed by Mesquite (38%) 
followed by Mahogany (45.24%). Similarly, after the 10th week, the 
amount of DMW remained was significantly (P≤0.002) higher in 
Mahogany (42.5%) than in Mesquite (35.3%) and Neem (21.2%). This 
 indicates that at this time decomposition of Mesquite slowed down and it 
was statistically similar to Mahogany. However, Neem continued to loose 
dry matter at a significantly faster rate. In the 12th week, there were 
significant differences (P≤0.01) between three types. The DMW remained 
in Neem (14.5%) was lower than Mesquite (32.9%) and mahogany 
(39.3%). In this week, the trend was quite similar to the previous one 
where DMW in Mesquite and Mahogany (10th week) were statistically 
similar. In the 14th week, also the remaining DMW was significantly 
(P<0.001) lower in Neem (12.8%) compared to Mesquite (29.9%) and 
mahogany (36.5%) where the latter two were statistically similar. The 
amount of initial dry matter remained after the end of the incubation 
period (16th weeks) was only (8.2%) in Neem which is significantly 
(P≤0.003) lower than both Mesquite and Mahogany (averaged at 28.95 %) 
by approximately 69 %. This indicates that during the decomposition 
period, Neem decomposed relatively faster than both Mesquite and 
Mahogany.          
The non-linear regression showed that, decomposition of the three species 
are best characterized using the single exponential model (Wt=W0 e
-kt). 
Accordingly, DMW loss rate constant (k) for Mesquite and Mahogany 
was 0.12 % week-1, and 0.44 % week-1 for Neem. From these trend-lines 
(figures 1a, 1b, and 1c), this evident that during a period of sixteen weeks, 
the Neem decomposed faster than Mahogany and Mesquite.  The 
exponential model also found to be the best model to fit the decaying 
period of the three types with R2 of 0.87 (for Mesquite), 0.98 (for 
Mahogany) and 0.74 (for Neem). The fast decrease in initial DMW in the 
early stages loss could be attributed to the removal of water-soluble 
material by water or rainfall (Parsons et al., 1990). Earlier studies found 
that both physical leaching and microbial metabolisms of water-soluble 
 material, lead to mass loss in the early stages of decomposition (Berg and 
Staff, 1981; Berg and Wessen, 1984). Mass loss of Neem was faster than 
Mahogany and Mesquite reported could be due to the low C/N ratio of 
Neem. Under similar environmental condition, Ahlam (2004) found that 
Leucaena (C/N=16) decomposed faster (k= 0.081%week-1) compared to 
Ficus and Eucalyptus (C/N=51, 27, respectively) with (k= 0.07%week-1).  
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 Fig. 1: Actual changes of percent dry matter weight remaining during the 
incubation period of decomposition.                                                                                  
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Fig. 1a: Non-linear decomposition rate curves during the incubation 
period of 16 weeks.                                                                                                               
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Fig. 1b: Non-linear decomposition rate curves during the incubation 
period of 16 weeks. 
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Fig. 1c: Non-linear decomposition rate curves during the incubation 
period of 16 weeks.     
 
 
 
 
 
 
4.2 Percent remaining organic carbon (OC): 
 Carbon loss during decomposition period generally, seemed to follow a 
two stages pattern (Fig.2). The first one is the rapid stage, started by the 
 first week and lasted by the 6th week. The second stage could be started by 
the end of the 6th week until the end of the period. Loss of carbon was 
consistent with dry matter weight loss.                    
After the first week, there was no significant differences in C remaining. 
The percent remaining of initial C in Mesquite, Mahogany and Neem 
60.7%, 69.4% and 64.9%, respectively. After the second week, the percent 
remaining of O.C in both Neem (38.9 %) and Mesquite (44.7%) were 
significantly (P≤0.02) lower than that in Mahogany (62%). After the fourth 
week, the amount of OC remained in Neem (21%) was significantly 
(P≤0.0001) lower than in Mesquite (39.3 %) and Mahogany (59.9 %). 
However, after sixth week, (loss from Mahogany (38.1%) increased and it 
was statistically similar to Mesquite (32.9%) remained). They were both 
significantly (P≤0.004) higher than that remained in Neem (19.4%).  
After the 8th week, there was similar trend of loss to the 6th week. Initial C 
remained in Neem (22.3%) was significantly (P≤0.005) less than both 
Mesquite and Mahogany (averaged at 33.6 %). After the 10th week, 
statistical analysis showed that C remained in Neem (19.7 %) was 
significantly (P≤0.01) lower than in Mesquite (30.8 %) and Mahogany 
(33.1 %). From the 12th week to the end of the period (16 weeks), the trend 
of decomposition was almost similar to the 10th week. Generally, loss of C 
content in all the three tree litters at slow rate with loss of C in both 
Mesquite and Mahogany was statistically similar and they were both 
significantly (P≤0.01- P≤0.04) lower than that in Neem. Amount of C 
remained in Neem after the 12th, 14th and 16th weeks were 12.1%, 11.9% 
and 8.1%, respectively. Corresponding values for Mahogany and Mesquite 
were 27.8%, 26.8% and 22.3-24.5%, respectively.  
 The loss of C in this study indicated that during the entire of period of 
decomposition, loss of C from Neem residues was generally at fast rate 
compared to Mahogany and Mesquite. In the second stage of 
decomposition (i.e. from week 6 to week 16), pattern of C loss from 
Mesquite and Mahogany seemed to be similar. There is some evidence in 
the literature that after the relatively available C is leached or utilized, 
becomes limiting to microorganisms activity (Stott et al. 1989). Thus, the 
high initial nutrients contents in plant materials can be responsible for high 
decomposition and net nutrient release because of enhanced microbial 
growth and activity.  
In spite of the fact that C/N ratio of Mesquite was lower than C/N ratio 
of Neem, however Neem decomposed faster than both Mesquite and 
Mahogany. This mean, C/N ratio was not a good quality indicator in 
decomposition experiments. This variation between Mesquite and Neem, 
could probably be due to other chemical constituent such as lignin and 
poly-phenols or cellulose. Characterization analysis showed that Neem 
contained less lignin and cellulose than Mesquite (Table 3.3). This 
indicates that lignin and cellulose were best predictors in such study. 
Earlier studies found that, considerable contents of structural 
polysaccharides like HEM and lignin can reduce or slow decomposition of 
organic materials due physical protection of other cell constituents from 
microbial attack (Chesson, 1997; Mafongoya et al., 1998). Also, poly-
phenols in plant tissues can also reduce decomposition and nutrient 
release by binding of cell wall constituents and proteins (Vanlauwe et al., 
1997). The type of poly-phenols and their relative content in plant tissues 
is also important to consider when studying N mineralization from plant 
materials because different poly-phenols have different chemical activities, 
though poly-phenols were not determined in this study.                                                   
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Fig. 2: Actual changes of percent organic carbon remaining during the 
incubation period of decomposition. 
4.3 Percent remaining N: 
During the incubation period of 16 weeks, statistical analysis showed that 
there were significant differences in the release pattern of N among the 
three species (Fig.3).                                                                       
Generally, there was rapid decrease in N content for all tree types during 
the incubation period of decomposition especially in the first week which 
indicates removable of water-soluble N. Similar to DMW loss, N release 
from Neem and Mesquite during the period of decomposition could be 
divided into two phases. The first phase was very short (one week after 
placement) which was characterized by rapid loss (more than 80-90% loss) 
and a second steady phase (from 2nd week through 16 weeks) which was 
characterized by almost steady loss of N. In the first week, statistical 
analysis showed that there were highly significant (P≤0.0005) differences 
between the three species in releasing N. UN expectedly, percent N 
remaining in Mahogany (6.1%) was significantly lower than both 
Mesquite (19.3%) and Neem (52.2%). Also, initial loss (first week) of N 
from Mesquite was significantly lower than that from Neem. In the second 
week, the percent N remaining in Mahogany (44.5%) was significantly 
(P≤0.0006) higher than in Mesquite and Neem (12.9%), (6.4%), 
 respectively. This indicates that N in Mahogany in the second week tend 
to accumulate as determined by increase in it is content.  In the fourth 
week, there were no significant (C.V=89) differences between species, in 
spite of, wide variations between the means.  After the 6th week, N 
remained in the Mesquite (2.3%) and Neem (5.5%) were similar and both 
were significantly (P≤0.0001) lower than that in Mahogany (39.4%).  
In the 8th week, there were no significant differences between plant 
residues in releasing nitrogen. Nitrogen remained in Mesquite, Mahogany 
and Neem was 7.9%, 17.5% and 10.3%), respectively. Similarly, after the 
10th week, the study showed that there were no significant differences in N 
remaining in residues. Nitrogen content was 3.4% for Mahogany and 7.2% 
for both Mesquite and Neem. Also, after 12 weeks, N remained showed 
no significant difference between tree types. Nitrogen content was 5.6% in 
Neem and 9.9% for both Mesquite and Mahogany. Similarly, after 14th 
weeks, statistical analysis showed no significant differences in N remained 
in tree litters, though N remained in Mahogany 13.7% compared to 2.6% 
for Mesquite and Neem. After the end of the incubation period (i.e. 16 
weeks), the percent remaining of initial N was significantly (P≤0.003) 
lower in both Mahogany and Neem (averaged at 2.9%) than that of 
Mesquite (8.7%).  
The results indicated that there was no period of N immobilization 
through at the incubation period for the three tree litter types. This was 
clearly observed as % N remaining in each sampling did not exceed 100%. 
Also, for Mesquite and Neem N was consistently and regularly released 
compared to irregular release from Mahogany especially during the 2nd 
and 8th weeks. Observed that, after first week generally there was rapid 
declining in initial N between all three species, but after the second week 
in this study mahogany started to increase gradually from week to week 
 and decrease again. This increase in N and followed by decline was earlier 
observed in mango and miombo leaves (Blair, 1988). Also 
Mtambanengwe and Kirchmann (1995) found similar results of N 
immobilization from litter of miombo followed by a net mineralization 
within 2 months. The increases in N concentration in decomposing litter is 
due to mechanisms such as, microbial immobilization of N (Koeing and 
Cochran, 1994), fungal translocation, through fall and insect frass (Melillo 
et al., 1982).    
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Fig. 3: Actual changes of percent total nitrogen remaining during the 
incubation period of decomposition. 
 
4.4 Percent remaining P:  
Phosphorus release pattern from all tree litter types seemed to be erratic 
and did not follow a consistent norm (Fig.4).                                                                     
At the first week, there was rapid loss of initial P and statistical analysis 
showed that, there were highly significant (P≤0.001) differences in P 
release. After this week, the percent P remained in Mesquite (35 %) was 
 significantly halve the quantity remained in Mahogany and Neem 
(averaged at 62.4 %). After the second week, the amount of P remained in 
Mesquite (29.3%) was also significantly (P≤0.01) lower than in Mahogany 
(69.6 %) and Neem (62.9 %) where the latter two were statistically similar. 
After he fourth week, statistical analysis depicted that, there were highly 
significant (P≤0.001) differences among the species. The content of P in 
Neem (84.8%) was statistically higher than in Mahogany (62.53 %) and 
Mesquite (27%) P in the latter was significantly lower than that in Neem 
and Mahogany. After the sixth week, the P remained was significantly 
(P≤0.007) lower in mesquite (4 %) than both mahogany (48.8 %) and 
neem (28.9%). The latter two were not significantly different.  
After the 8th week, there were no significant differences in P remained, 
though Mahogany (47.9%) and Neem (57.6%) were 4 to 5 folds remained 
in Mesquite. After the 10th week, also there was no significant difference in 
P remained; the amount of P remained in Mesquite, Mahogany and Neem 
were 15.1%, 24.4% and 27%. After 12 weeks of decomposition, also P 
content was not significantly different between tree litters. They were 
19.2% in Neem and 29% for both Mesquite and Mahogany. After 14 
weeks, similarly there were no statistical differences, though P content in 
Mahogany (38.9%) seemed to be higher than both Mesquite and Neem 
(16.7%). At the end of the incubation period the study showed that, P 
remained in Mesquite (6.2%) was significantly (P≤0.004) lower than in 
both Mahogany (26.9%) and Neem (15%).                                                                        
The rapid loss of P observed here after the first week was probably due to 
removal of soluble P by excessive irrigation water after burying the 
litterbags. Many studies found that P can be leached in the early stages of 
decomposition (Musvoto et al., 1999; and Tiquia et al., 2002). However, 
the increase of P leaching reported here at the last stages of decomposition 
 period which synchronized with the beginning of the rainy season. This 
was also observed by other studies (Blair, 1988; Tripathi and Singh, 1992).                    
 The increases of P content observed at the second week (in Mahogany) 
and at the fourth week (in Neem) indicates that P could    be a limiting 
nutrient for decomposers. Many studies showed accumulation of P as well 
as N during decomposition (Staaf and Berg 1982; O'Connell 1988). In 
some cases, P accumulates faster than N during decay of forest debris 
(Lambert et al., 1980) indicating that the dependence of decomposer 
activity for phosphorus. Other study by O'Connell (2004) showed that, 
there was four-fold increase in the amount of P in mesh bags after 
decomposition for 5 years. Thus, the input of P from lower strata in the 
litter and mineral soil, probably through translocation in the hyphae of soil 
and litter fungi (Gholz et al., 1985).                                                                                    
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Fig. 4: Actual changes of percent phosphorus remaining during the 
incubation period of decomposition. 
 
4.5 Percent remaining K: 
In all three litter types, release of potassium pattern can be clearly divided 
into two stages.  The first stage (week 1 to week 2) showed a rapid loss of 
K after burring the samples especially after the first week where loss was 
found to range from 85% to 95% (for Mesquite and Mahogany). The 
second stage (week 4 – week 16) showed steady slow loss of potassium 
(Fig.5).                                    
After the first week, statistical analysis showed significant differences 
(P≤0.0006) between litter types. The amount of initial K remained was 
only 6.85 % (for Mesquite) and 12.85 % (for Mahogany). However, the 
amount remained in Neem (67.3%) was significantly higher than both 
Mesquite and Mahogany. After the second week, the amount of K 
remained was also significantly (P≤0.0001) lower in Mesquite and 
Mahogany (averaged at 4.72 %) than in Neem (18.86 %). After the fourth 
week, analysis showed that there were no significant differences between 
litter types. However, the amount of K remained in Neem was 9.6% 
compared to that in Mesquite and Mahogany (averaged at 2.9%). 
Similarly, after the sixth week, there were also no significant differences 
between litters. The amount remained in Mesquite, Mahogany and Neem 
were 0.9%, 2.2% and 4.1%, respectively. After the 8th week, there were 
also no significant differences. However, the amount of K remained in 
Mesquite was only 0.6%, whereas that remained in Mahogany was 1.2% 
and Neem was 5.9%. After, the 10th week, the percent remaining K in 
Mesquite (0.50 %) and Mahogany (1.73 %) were significantly (P≤0.02) 
 lower than that in Neem (2.79 %). However, after the 12th week, statistical 
analysis showed that the amount of K remained in the Mesquite (0.51 %) 
was significantly (P≤0.02) lower than that in both Mahogany and Neem 
(averaged at 1.3 %). After 14 weeks, the amount of K remained was 
similar in all litters. They were 0.8% in Mesquite and 1.2% in both Neem 
and Mahogany. At the end of the incubation period (16 weeks) the study 
showed significant (P≤0.04) differences in amount of K remained. It was 
significantly lower in Mesquite (0.44 %) compared to Mahogany and 
Neem (averaged at 1.12 %).                                                
In the first stage of decomposition it was observed that, the Mesquite and 
Mahogany released K faster than Neem, but at the second stage the release 
of K seemed to be steady and slower but, faster in Mesquite than in 
Mahogany and Neem. The high potential for potassium leaching from 
plant residues in the early stage of this study is consistent with literature 
showing significant relation-ships between plant quality indices and K 
release as suggested by Tian et al., (1992). The high loss of initial K 
observed here was also reported earlier (Cobo 2002; Laskowski and Berg 
1993; Singh and Shekhar, 1989). Because k is not a structural element, it is 
susceptible to high initial loss by leaching, as also reported by Staaf (1980). 
Others studies also reported that, K release was not to be affected by 
chemical composition because this cation is not incorporated in to the 
organic compounds tissue in the plant so it is easily leached from residues 
(Jung et al.1968; Bunnell and Tiat 1974; Berg 1984; Saini 1989; Reddy and 
Venkataiah 1989).        
The slow release of K observed here in the second stage might be due to 
the little change in soil exchangeable cation contents, supported by the 
studies of (Lupwayi and Haque, 1998 Ahlam, 2004).  
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Fig. 5: Actual changes of percent potassium remaining during the 
incubation period of decomposition. 
 
 
4.6 Percent remaining Ca: 
For Mesquite and Mahogany Ca was consistently released during the 
entire period of decomposition whereas, Ca release from Neem litter was 
erratic and showed periods of immobilization (Fig.6).  
After the first week, the percent remaining of Ca was significantly (P≤0.01) 
lower in Mesquite (32%) and Mahogany (56%) than in Neem. In the 
latter, Ca was concentrated (>100%) indicating immobilization. After the 
second week, litter release of Ca was significantly (P≤0.01) different 
between them. Neem litter continued to immobilize Ca (>100%) where as 
corresponding values for Mesquite and Mahogany were 61.6% and 83.2%, 
respectively. Similarly, after the fourth week, immobilization of Ca 
 continued during decomposition of Neem whereas Mesquite significantly 
(P≤0.01) releases Ca (58.8%) faster than Mahogany (83.3%). After the 6th 
week, Ca release was found to be similar between tree litters. Calcium in 
Neem litter started to be released. At the end of the 6th week amount of Ca 
remained in Mesquite, Neem and Mahogany was 42.2%, 55.3% and 
58.8%, respectively.  
After the 8th week, the amount of Ca remained in Mesquite (48.8%) and 
Mahogany (63.1%) were significantly (P≤0.005) lower than that in Neem 
(86.3%).  However, after the 10th week, the amount of Ca remained was 
significantly (P≤0.01) lower in Mesquite (41%) and Mahogany (54.5%) 
than that in Neem (65.9%). After 12 weeks of decomposition, amount of 
Ca remained in tree litters was statistically similar (46.2-53.3%). After 14th 
week, litter continued to release Ca in the order of Neem > Mesquite > 
Mahogany (though not significant). After this week, Ca content in 
Mesquite, Mahogany and Neem 37.6%, 47.2% and 30.7%, respectively. 
By the end of the period, content of Ca remained in Mesquite (32.1%), 
Mahogany (37.9%) and Neem (26.11%) was statistically similar. From the 
release pattern of Ca, it can be stated that Ca release is not fast compared 
to N, P and K. Also, tree litters released Ca in the order of Mesquite > 
Mahogany > Neem. During the last weeks of decomposition (i.e. 12-16 
weeks), all litters release Ca at a statistically similar rate.  
Ca immobilization observed in this study during the first three weeks of 
decomposition of Neem litter, has been previously reported by other 
authors (Lehmann et al., 1995; Palm and Sanchez., 1990; Schroth et al., 
1992) and generally explained by the accumulation of Ca by fungi on 
decomposing residues. Other studies have also shown large accumulation 
of Ca as oxalate crystals in both fresh plant material and in decomposing 
litter (O'Connell et al., 1983). Normally calcium is the dominant 
 exchangeable cation in the soils, and accumulation of Ca in decomposing 
Neem residues probably results from uptake of Ca from soil by decay fungi 
with subsequent precipitation of Ca oxalate crystals on fungal hyphae. The 
slow release of Ca from decomposing litter, probably due to it is being a 
structural element that decomposes more slowly than some other 
components.                                                                              
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Fig. 6: Actual changes of percent calcium remaining during the incubation 
period of decomposition.  
 
 
4.7 Percent remaining Mg: 
Generally, with the exception of Mesquite and Neem after the 4th week, 
there were periods of immobilization. However, Mg release could be 
described as erratic (Fig.7).  
After the first week, there were no significant differences in Mg release 
between tree litters. The amount of initial Mg remained in Mesquite, 
Mahogany and Neem were 59.6%, 80.8% and 65.7%, respectively. After 
the second week, also there was no significant difference, although the 
amount of initial Mg remained in neem (26.4%) approximately equaled 
one third the amount remained in both Mahogany and Mesquite 
(averaged at 65 %). After the fourth week, the percent of initial Mg 
remained was significantly (P≤0.05) lower in Neem (48.5 %) and Mesquite 
(72.6 %) but, it was immobilized in Mahogany (>100%). After the 6th 
week, the litters were found to be statistically (P≤0.0006) different in 
releasing Mg. Accordingly, about 13%, 39.5% and  92% of initial Mg 
remained in Neem, Mesquite and Mahogany, respectively.   
After the 8th and 10th week, there were no statistical differences between 
tree litters in Mg release where about 33.3% to 49% remained after 8 
weeks and about 27.1% to 46.1%, after the 10th week. After the 12th week, 
the study showed that there were significant (P≤0.04) differences between 
treatments. In this week, initial Mg remained in Neem (13.3 %) was lower 
than in both Mahogany (62.3 %) and Mesquite (29.7 %). After the 14th 
week, there was no significant (C.V=60) difference between species in 
 spite of, the wide variations in the means between tree litters. The amount 
of Mg remained in Mesquite, Mahogany and Neem were 33.7%, 41.4% 
and 17.4%, respectively. After 16 weeks, similarly there was no statistical 
(C.V=40) difference in Mg remained; the amount of Mg remained in 
Neem 13.1% and Mesquite and Mahogany averaged at 30.5%.                                       
 Mg appeared to be lost by leaching in the early stages of decomposition in 
all three species. However, it started to increase in Mahogany leaves after 
the second week until exceeded the percent initial matter in the fourth 
week indicating period of immobilization. It was found that, Mg release, 
has been related to cell wall constituents (Luna-Orea et al., 1996) and to 
initial Mg content in the tissues (Lehmann et al., 1995). Thus, litters with 
higher initial Mg content were characterized by initial losses through 
leaching. This was observed in Mesquite and Neem leaves (Table 3.3). 
This result is consistent with Rutigliano (1998). The slight rise in 
Magnesium concentration observed in Mahogany leaves may be due to 
colonization by microorganisms (Crock ford, 2002).                                                         
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Fig. 7: Actual changes of percent magnesium remaining during the 
incubation period of decomposition.  
 
 
Chapter Five 
Conclusions and Recommendations 
5.1 Conclusions: 
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 1-The study proved that C/N ratio is not a good quality indicator in 
decomposition studies, rather lignin content is more useful. In this respect, 
Neem contains less lignin. 
2- This study showed that, decomposition rate constant of Neem and 
Mesquite are significantly higher than that of Mahogany. This was 
indicated by fast weight loss. 
3- Nitrogen release from all tree litter, did not show a period of 
immobilization. This result indicates that incorporation of these litters do 
not stance subsequent crops from N. 
4- All litters are good sources for K, especially in sandy soils that are 
deficient in this element. However, the fast loss of K (> 80% in 2 week) 
good synchrony. 
5- The content of P in Mahogany is limiting microbial activity especially 
during early weeks of decomposition. Mesquite is a good source of P as it 
released this element much more than both Mahogany and Neem. 
    6- Calcium and magnesium were released at a slow rate from all litters.            
 
 
5.2 Recommendations: 
   1-If the main aim is to add N element (i.e. short-term fertility 
correction) to the eroded soil, application of Neem residues is useful. 
   2- For long-term fertility correction (i.e. build up of soil organic 
matter), could be mulch Neem with Mesquite or application of litter 
from Mahogany could improve content of soil organic carbon.  
   3- Judicious application of mixed Mahogany and Neem will improve 
both short-and long-term soil fertility improvement. 
    4- For moisture and soil conservation (i.e. protection against soil 
detachment) mulching of soil surface with litter from Mahogany can 
reduce soil erosion.       
   5- Since this study focused on decomposition and nutrient changes of 
the decomposing material, future studies should concentrate on soil 
nutrient changes (e.g. NH4+ -N and NO3--N) and pH.  
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